ABSTRACT. Babesia ovata is a tick-transmitted hemoprotozoan parasite that infects cattle. In our study, bovine blood samples (n=2,034) were collected from 10 different countries (Brazil, China, Ghana, Japan, Mongolia, the Philippines, South Africa, Sri Lanka, Thailand and Vietnam) and DNA extracted. The DNA samples were screened using an established and specific polymerase chain reaction (PCR) assay targeting the Apical membrane antigen 1 (AMA-1) gene. Parasite DNA was detected among samples collected from Japan, Mongolia and Thailand. Sequence analyses confirmed that the PCR assay detected only B. ovata AMA-1, and that amplicons from different geographical locations were conserved. Our findings highlight the importance of designing adequate strategies to control B. ovata infection in Japan, Mongolia, and Thailand.
Babesia ovata is an intraerythrocytic protozoan parasite of cattle and is transmitted by Haemaphysalis longicornis, an ixodid tick vector [10] . B. ovata was first described in Japan [10] , then China and Korea [4, 15] . It has been classified into a large group of Babesia parasites [10] . The pathogen is known to be a parasite of low pathogenicity in comparison with B. bovis and B. bigemina. However, previous reports described the clinical significance of B. ovata in immunocompromised animals such as splenectomized calves or in Theileria orientalis infected cattle [6, 14] .
Our previous study suggested the possible presence of B. ovata in Mongolia, a country where the parasite has not been previously reported [11] . Therefore, it is important to accurately detect B. ovata in cattle populations and determine its prevalence in different regions across the world.
Until recently, the only available technique for the detection of B. ovata was microscopy. However, parasitemia of B. ovata in infected cattle tends to be very low making microscopy difficult [3] . Furthermore, as the morphology among many large Babesia parasites is similar, microscopy is not an effective diagnostic tool for species differentiation [5] . Therefore, we developed a PCR assay based on the Apical membrane antigen 1 (AMA-1) gene for the specific detection of B. ovata in blood samples of grazing cattle in the Japanese field [14] . More blood samples collected from different geographical locations throughout the world should be tested to validate this assay as a universal diagnostic tool for the molecular detection of B. ovata. In this study, we examined 2,034 bovine DNA samples originating from various countries across Asia, Africa and South America using the AMA-1 PCR assay. Blood samples were collected from cattle populations of Japan [16] , Mongolia [1] , China [12] , Vietnam [9] , Thailand [2] , the Philippines, Sri Lanka [13] , Ghana, South Africa and Brazil. In each country, samples were collected across several selected locations. All animals from which samples were collected appeared clinically normal and were over one year of age. Details regarding sample numbers from each location are summarized in Table 1 .
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The Japanese Society of Veterinary Science previous report [15] . Briefly, 1 µl of DNA template (approximately 6 µg/µl) was added to 200 µM dNTPs (Applied Biosystems, Branchburg, NJ, U.S.A.), 1 µl of 10× PCR buffer, 0.5 µM forward (5'-GATACGAGGCTGTCGGTAGC-3') and reverse (5'-AGTATAGGTGAGCATCAGTG-3') primers [14] , 0.5 U of Taq polymerase (Applied Biosystems) and 5.9 µl of double-distilled water, and then subjected to cycling conditions [14] . Following gel electrophoresis, detection of a 504 bp amplicon under ultraviolet light was considered positive for B. ovata.
Of the 10 countries surveyed in this study, positive results were obtained from Japanese (2.8%), Mongolian (2.3%) and Thai (2.5%) samples (Table 1 ). The prevalence of B. ovata in Japan was lower than previously reported (24.5% at ShinHidaka farm, Japan) [14] . This observed difference might be due to distribution of the possible vectors in surveyed areas, as our previous study suggested the Haemaphysalis megaspinosa, which was not detected in Otofuke, as the major tick species in Shin-Hidaka [16] . Additionally, B. ovata was not detected in Chinese samples in this study, despite the previous report of the parasite in this country [4] . This would suggest the importance of surveying adequate sample numbers or locations. In contrast to other bovine hemoprotozoan parasites, the prevalence of B. ovata was lower. B. ovata maintains a low parasitemia in infected cattle so that immune responses are kept at a minimum level, thereby ensuring survival of the parasite [3] . Therefore, there is the possibility that bovine DNA samples might contain a very low concentration of B. ovata DNA, which cannot be detected by PCR. Identification of ticks that can transmit B. ovata and determination of their densities at each location surveyed in this study might explain the differences among countries in the distribution of B. ovata. Although the DNA samples from several countries in this study were negative according to the AMA-1 PCR assay, the presence of B. ovata cannot be ruled out in the cattle populations of these countries, unless several other locations in each country are surveyed for the parasite.
All PCR amplicons were cloned and sequenced as described previously [1] . Briefly, amplicons were ligated into a plasmid vector (pCR 2.1-TOPO; Invitrogen, Carlsbad, CA, U.S.A.), and the nucleotide sequences of inserted fragments were determined by a genetic analyzer (ABI PRISM 3100; Applied Biosystems, Foster City, CA, U. S. A.). Sequence analyses confirmed that the AMA-1 PCR assay amplified only the B. ovata AMA-1 gene. All sequences (GenBank accession numbers AB703297, AB703298, and AB733631) were identical to each other and to the previously reported Miyake strain of B. ovata(AB634843) [7, 11] .
B. ovata AMA-1 sequences determined in the present study, together with already registered AMA-1 sequences for B. ovata, B. bovis, B. bigemina, B. divergens, B. gibsoni, T. annulata, T. parva, Plasmodium falciparum, P. vivax, P. chabaudi, P. berghei, Toxoplasma gondii and Neospora caninum, were analyzed using GENTYX 7.0 software (GENTYX, Tokyo, Japan). A phylogenetic tree was constructed using the online MAFFT software program [8] . Estimation of bootstrap values was also performed using the same program. In the phylogenetic tree (Fig. 1) , B. ovata The highly specific AMA-1 PCR assay was conducted on DNA extracted from bovine blood samples.
AMA-1 sequences formed a separate cluster close to AMA-1 of B. bigemina, a large Babesia parasite that morphologically resembles B. ovata. The conserved nature of B. ovata AMA-1 combined with the high specificity of the AMA-1 PCR assay [14] , makes it an excellent molecular diagnostic tool for the detection of B. ovata. Although B. ovata was first described a number of decades ago [10] , limited research has been conducted to date. As the pathogen is a relatively benign parasite circulating within limited geographical boundaries, extensive research on B. ovata has not been carried out. Additionally, unavailability of species-specific diagnostic methods with high sensitivity was another stumbling block affecting B. ovata studies. In this study, we determined that our PCR assay did not detect any other blood pathogen from more than 2,000 bovine DNA samples taken from geographically distinct areas. Therefore, we conclude that our standardized AMA-1 PCR assay is an appropriate and specific diagnostic tool that can be applied to identify B. ovata in cattle. In addition, the PCR method may also be useful to differentiate the B. ovata from other virulent piroplasms that might morphologically resemble the parasite.
We also report the presence of B. ovata in Mongolia and Thailand for the first time. The next step is to isolate and characterize Mongolian and Thai B. ovata to determine its pathology. Furthermore, identification of the tick vectors capable of transmitting B. ovata to cattle is vital, as infection control methods should also include tick control strategies. 
